Single crystals of 1 suitable for X-ray diffraction were grown from either -(1) slow evaporation of a saturated n-propanol solution for orthorhombic crystals, (2) slow evaporation of acetone for monoclinic crystals or (3) slow evaporation of toluene for hexagonal crystals.
INS data were collected using the LET [1] time-of-flight spectrometer at ISIS, Rutherford Appleton Laboratory, United Kingdom, on a 0.4 g of polycrystalline non-deuterated sample crystallised from toluene and powdered. The sample was wrapped in aluminium foil and then loaded into a standard orange cryostat for measurements. Measurements were performed at 1.5, 7 and 15 K with 7.48, 2.5 and 1.24 meV incident neutron energies using the repetition rate multiplication mode.
Magnetic characterisation of polycrystalline 1 was performed in the temperature range 1.8 -300 K using a Quantum Design MPMS XL SQUID magnetometer equipped with a 7 T magnet. Diamagnetic correction for the sample was calculated using Pascal's constants and measured for the sample holder. Figure S3 : Overlay of the infra-red spectra for 1, 2, 3 and 4 showing no significant differences in the observed spectra of the four compounds.
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Data Collection. X-ray data for compound 1/n-propanol was collected at a temperature of 150 K using a using Mo-Kα radiation on a microfocus Agilent Supernova diffractometer, equipped with an Oxford Cryosystems Cobra nitrogen flow gas system. Data were measured using CrysAlisPro suite of programs. X-ray data for compound 1/acetone was collected at a temperature of 100 K using Cu-Kα radiation on a microfocus Bruker X8 prospector diffractometer, equipped with an Oxford Cryosystems Cobra nitrogen flow gas system. Data were measured using Apex2 suite of programs. X-ray data for compound 1/toluene was collected at beamline I19 in Diamond Light Source at a temperature of 100 K using synchrotron radiation (λ = 0.6889), [2] equipped with an Oxford Cryosystems Cobra nitrogen flow gas system. Data were measured using CrystalClear-SM Expert 2.0 r5 suite of programs.
Crystal structure determinations and refinements. X-ray data were processed and reduced using CrysAlisPro suite of programs. Absorption correction was performed using empirical methods based upon symmetry-equivalent reflections combined with measurements at different azimuthal angles.
[3] The crystal structure was solved and refined against all F 2 values using the SHELX and Olex2 suite of programs.
[4] Atoms corresponding to compound 1/n-propanol and 1/acetone were refined anisotropically. Acetone solvent molecules and some of the pivalates in compound 1/acetone were refined isotropically in order to keep the data/parameter ration as high as possible. Hydrogen atoms were placed in calculated positions refined using idealized geometries (riding model) and assigned fixed isotropic displacement parameters. Pivalates ligands were highly disorder. The C-C distances of the pivalate ligands were restrained to be the same using DFIX and SADI commands. The atomic displacement parameters (adp) of the ligands have been restrained using RIGU and SIMU commands.
Compound 1/acetone presents a large amount scattered electron density, the SQUEEZE protocol inside PLATON suites was used to account the electron density. [5] The results of the SQUEEZE protocol indicated that the remaining electron density correspond to two disordered molecules of acetone.
A large number of A and B alerts were found in compound 1/acetone due to poor resolution (1.1 Å) data. Poor resolution data affects the shapes of the electron density maps obtained, and consequently to the accuracy of the model produced.
CCDC entry 1421216 contains the supplementary crystal data for 1/n-propanol and entry 1470536 contains the crystal data for 1/acetone.
Single crystal X-ray diffraction data for 1/toluene was collected in both "in-house" diffractometers and with synchrotron radiation. Crystals only diffracted until 1.4 Å of resolution at I19 beamline in Diamond Light Source. As we can see in the Figure S4 , smeared diffraction spots formed the diffraction pattern obtained. Decrease of the scan width or data collection at different temperatures did not improve the quality of the diffraction patterns. Due to the extremely complex disorder of the Cr9 rings in the crystal packing, the structure remains unsolved and it is impossible to discuss any structural characteristics of the Cr9 rings. However as the ring can be recrystallised intact from two other solvents we are confident they are intact in crystals grown from toluene. Nevertheless, the crystal packing of both 1/acetone and 1/toluene present some similarities. As we can see in Figure S5 , the crystal packing of 1/toluene in the (001) plane S5a) and (010) plane S5c) are similar to the crystal packing of 1/acetone in the (001) plane S5b) and (101) plane S5d). We can also appreciate how the molecules of compound 1/acetone are tilted with respect to the (001) and (101) planes in the crystal structure. The angles formed by the molecules with respect to these planes are a consequence of the internal symmetry dictated by the space group. 1/toluene molecules shown in the pictures are perfectly parallel to the (001) and (010) planes. The ellipsoids generated in 1/toluene are extraordinary large, suggesting that the molecules of 1 are randomly disordered above and below the (001) and (010) planes. Therefore, it can be speculated that the diffused diffraction spots obtained in the diffraction pattern are consequence of the severe disordered found in 1/toluene. Figure S9 below reports the comparison between the fit of the Ei =2.5 meV data with an ideally frustrated model (uniform J couplings, left panel) and the one reported in Eq. 1 of the main text (J'/J=1.2, right). Although the detailed splitting of the peak is better reproduced by using spin Hamiltonian (1), the main features are captured by the frustrated model Hamiltonian. In addition, higher-energy peaks are well reproduced by both models. This shows that the spin dynamics of the system is essentially the same of a frustrated ring. ). Measurements performed with 2.5 meV energy of incident neutrons and 58 eV energy resolution (full width at half maximum at the elastic peak).
INELASTIC NEUTRON SCATTERING
In the fit reported in the main text we have assumed easy-axis zero field splitting anisotropy. Indeed, the structural similarity of 1 with other Cr-based rings provides a well-defined starting point. The heredetermined value of d (-0.022 meV) is in line with those reported for Cr8 (-0.029 meV) [6] or Cr8Zn rings (-0.028 meV). [7] However, a good fit can also be obtained with a positive (even if larger) value of d (0.048 meV).
In the fitting procedure a Gaussian line shape is associated with each allowed transition, with the full width at half maximum fixed by the value at the elastic peak (apart from the high-resolution Ei = 1.24 meV data, where a larger width is used).
Below we report the dependence of the scattered neutron intensity on the momentum transfer Q for the peak at 1.3 meV ( Figure S7 ), together with the simulation using the model discussed in the main text. Figure S10: Dependence of the scattered neutron intensity on the momentum transfer Q for the main peak (transition I, S=1/2->S=3/2). There is a good agreement between experimental data (points) and the simulated curve (continuous line), showing that the spatial structure of the states involved in the transition is well reproduced by the model. The curve was calculated using the spin Hamiltonian reported in the text (Eq. 1), with parameters J, J' and d previously obtained from the fit of the energy dependence of the scattered neutron intensity. A contribution quadratic in Q was added to account for the phonon scattering.
[8]
Classical spin configuration
The classical spin configuration was calculated by treating the spins as classical vectors of length
and minimizing the classical (isotropic) energy of the system:
Since the interaction is isotropic, there are infinitely many spin configurations minimizing E (which depends only on the relative angles between them). The figure reported below was obtained by fixing the position of one of the spins (red arrow). We show two different views of the same spin configuration minimizing E. From S11-left, it is clear that all the spins lie on parallel planes, even if the odd number of antiferromagnetically coupled spins make the configuration non-collinear (S11-right). 
